Whether self-reported daytime napping is an independent predictor of cardiovascular or all-cause mortality remains unclear. The aim of this study was to investigate self-reported daytime napping and risk of cardiovascular or all-cause mortality by conducting a meta-analysis.
Background
Napping is a common practice in community-dwelling older adults [1, 2] , with prevalence up to 68.6% in the elderly population [3] . Daytime napping or siesta is considered to be a healthy habit and linked with good health. A short nap of less than 30 min duration during the afternoon is deemed to have an invigorating effect, helps to restores wakefulness, and improve performance [4, 5] .
Contrary to the popular view that naps are beneficial to health, longer or frequent naps might be associated with worse longterm health. Daytime napping may be a risk factor for morbidity and mortality in the elderly population. Particularly, these persons requiring naps might have an unrecognized disease or nighttime sleep deprivation. Many studies [6] [7] [8] [9] suggested that daytime napping may increase mortality. One study [10] indicated that the greater risk of mortality was only significant in night sleep of more than 9 hours. Others [11, 12] did not find these associations. These conflicting findings might be attributable to the different populations, geographic areas, duration of napping time, and cultural habits. Daytime napping as an independent predictor for cardiovascular or all-cause mortality remains controversial.
To our knowledge, no previous meta-analysis has quantitatively evaluated the association between self-reported daytime napping and risk of cardiovascular or all-cause mortality. The aim of this study was to evaluate the findings from the available prospective studies, to determine whether selfreported daytime napping is an independent predictor for cardiovascular or all-cause mortality.
Material and Methods

Literature search
This meta-analysis was conducted according to the reporting items for systematic reviews and meta-analyses (PRISMA) statement. A comprehensive computerized literature search was conducted through PubMed, Embase database, and Cochrane Library up to May 2014. Potentially relevant articles were identified using the following Medical Subject Headings (MeSH): "daytime napping" or "siesta" or "nappers" or "excessive daytime sleepiness" and "death" or "mortality" and "prospective" or "follow-up". In addition, we searched the reference lists of all identified relevant studies to identify additional eligible studies.
Study selection
Studies meeting the following criteria were included in the meta-analysis: 1) prospective observational study; 2) investigating baseline daytime napping and subsequent risk of cardiovascular or all-cause mortality as outcomes; 3) reporting multivariate-adjusted risk ratio (RR) or hazard ratio(HR) and corresponding 95% confidence intervals (CI) of cardiovascular or all-cause mortality comparing daytime napping to the non-nappers; and 4) all-cause mortality was obtained from the medical records, or from official death certificates; cardiovascular mortality is grouped by medical diagnostic codes and clinical criteria. The question about napping status was phrased: '"Do you normally take a nap during the day?" Daytime napping was defined by the individual study, and the rest were defined as non-nappers. Articles were excluded if: 1) not a prospective observational study; and 2) non-nappers were not considered as control.
Data extraction and quality assessment
Data were extracted by 2 authors (XK Liu and Q Zhang) independently from each selected study. Data extracted for this study included the first author's surname, publication year, geographic region, study design, sample size, male gender (%), age range of participants, assessment of daytime napping, adjusted RR and HR with 95% CI, duration of follow-up, and adjustment for covariates. Any disagreement was resolved by discussion. Study quality was judged by using the NewcastleOttawa Scale (NOS) [13] by 2 authors independently. Quality assessment was conducted in 3 domains: subject selection, comparability of groups, and the ascertainment of outcomes. Using the scale, the total NOS star count ranges from zero to 9. Studies achieving a rating of ³5 stars were judged to be of high quality.
Data synthesis and analysis
Data analyses used most fully multivariate-adjusted RR or HR and 95% CI comparing daytime nappers to the non-nappers. If the publications reported separate RR for different napping duration, we pooled the separate RR for the different items from the individual study. The Cochrane Q statistic and the I 2 statistic were used to assess the heterogeneity of RR across studies. A p-value <0.10 for the Q statistic or I 2 >50% were taken as indicator of severe heterogeneity using a random-effects model, otherwise a fixed-effects model was used [14] . As there was obvious clinical heterogeneity in the durations of napping across the different studies, a random-effects model was used to calculate the pooled RR.
Begg's rank correlation test [15] and Egger linear regression test [16] were used to investigate any possible publication bias. Subgroup analysis was conducted as follows: geographic region (Asia versus No-Asia), follow-up duration (£11 years versus >11 years), sample sizes (<5000 versus >5000), napping duration (<60 min versus >60 min), and gender (men versus women). Sensitivity analysis was conducted by excluding 1 study at a time using the metaninf algorithm command in STATA statistical software to investigate the influence of a single study on the overall effect size. All statistical analyses were performed using STATA statistical software, version 12.0 (STATA, College Station, TX, USA). A 2-tailed P value <0.05 was considered as statistically significant.
Results
Literature search and baseline characteristics
Our initial literature search produced 46 citations. Of these citations, 7 studies [6-12] met our predefined inclusion criteria. The detailed study selection process is listed in Figure 1 . Table 1 lists the detail characters of the included studies. A total of 98,163 subjects were included. The age of the subjects was over 40 years. The sample sizes of the studies ranged from 455 to 67,129. One study [7] included only women, and others included both men and women.The follow-up duration ranged from 6.9 to 20 years. Overall quality of the included studies was good, and NOS scales ranged from 6 to 7 (Supplemental Table 1 ).
All-cause mortality
All the included studies reported data on all-cause mortality. As shown in Figure 2 , daytime napping was associated with a greater risk of all-cause mortality (RR 1.15; 95% CI 1.07-1.24) comparing with non-nappers in a random-effects model. The heterogeneity was statistically significant (I 2 =52.1%; P=0.007). No evidence of publication bias was found by the Begg's rank correlation test (P=0.284) and Egger's linear regression test (P=0.290).
Cardiovascular mortality
Four studies [7] [8] [9] 11] reported cardiovascular mortality involving 93,463 subjects. As shown in Figure 3 , the pooled estimate of multivariate RR was 1.19 (95% CI 0.97-1.48) comparing daytime napping to non-nappers in a random effect model. Substantial heterogeneity was observed (I 2 =65.4%; P=0.013). No evidence of publication bias was found using by the Begg's rank correlation test (P=0.707) and Egger's linear regression test (P=0.586).
Subgroup analyses
The detailed results of subgroup analyses are presented in Supplemental Table 2 . Daytime napping was associated with a greater risk of all-cause mortality among women (RR 1.21; 95% CI 1.00-1.47), but not men (RR 1.09; 95% CI 0.89-1.34). Sensitivity analyses were performed based on all-cause mortality. In the sensitivity analysis, there was little influence in the quantitative pooled measure of RR or 95% CI when excluding one study at a time (Data not shown).
Discussion
This meta-analysis provides evidence that self-reported daytime napping is a mild but statistically significant risk predictor for all-cause mortality, but not for cardiovascular mortality. Participants with daytime napping had 15% greater risk of all-cause mortality. However, there is likely substantial heterogeneity in the duration of daytime napping. Many of the included studies did not adjust overall sleep duration; therefore, the excess risk of all-cause mortality might be explained by the impact of excessive daytime sleepiness rather than daytime napping itself.
In the current study, a daytime napping duration over 60 min was significantly and independently associated with all-cause mortality in the general population. Subjects with daytime napping showed some trend to increase cardiovascular mortality, in which this association was not statistically significant (RR 1.19; 95% CI 0.97-1.48). A case-control study [17] reported an elevated risk of acute myocardial infarction associated with long-duration daytime napping. In a prospective study [18] conducted in Germany, midday napping was associated with 2.12 times the risk of nonfatal myocardial infarction and sudden cardiac death. Contrary to these findings, 2 studies [19, 20] conducted in younger healthy persons in Greece suggested a NR -not report; BMI -body mass index; HR -hazard risk; RR -risk ratio; BP -blood pressure; SBP -systolic blood pressure; DBP -diastolic blood pressure; DB -diabetes mellitus; CHF -chronic heart failure; CHD -coronary heart disease; COPD -chronic obstructive pulmonary disease; PD -Parkinson's disease. * Results from the disease-free cohort.
protective effect of afternoon siesta against coronary mortality. Naps longer than 30 min can cause sleep inertia and are usually not recommended [21] . These results indicated that daytime napping might have different impact on younger and elderly persons. However, we could not conduct subgroup analysis by age due to most of the subjects were elderly persons.
A more recently published study [22] suggested that daytime napping with duration >30 min was significantly and independently associated with all-cause mortality in men but not in women. However, our subgroup analysis based on gender did not found gender-specific association between daytime napping and mortality. Therefore, the gender-specific association between daytime napping and mortality needs further study.
Although the biological mechanisms by which daytime napping results in a higher mortality risk are not completely elucidated, a possible explanation is that abrupt increase in blood pressure and heart rate upon awakening from a nap results in sympathetic nervous activation [23] . The morning has the highest risk for cardiovascular events. Another explanation is that the prothrombotic effects after daytime napping may trigger thrombotic cardiovascular events [24] . Moreover, napping was also linked to depression [25, 26] and obstructive sleep apnea (OSA) [27] , cancer [28] , Parkinson's disease [29] , and type 2 diabetes [30, 31] , all of which may increase risk of mortality. In addition, daytime napping might be a consequence of nighttime sleep disturbance, which was associated with greater risk of mortality [32] .
Several potential limitations of this study should be addressed. First, a major limitation is the reliance on self-reported daytime napping. Data relating to daytime rest without sleep were unavailable. All the included studies measured napping by using subjective questionnaires, which are more prone to misclassification. However, self-reports are the primary methods for evaluating napping in our daily life. Second, duration of napping, working status, culture, educational background, climate, and age are the common confounding factors accounting for napping and mortality risk. However, the study did not adjust confounding variables in a consistent way. Lack of adjustment or over-adjustment for these variables might lead to a slight overestimation or underestimation of the real risk estimate. Third, most of the subjects were older persons (age over 40 years), which limited generalizability to young populations. Moreover, a tendency to underreport napping habits was found in older persons [33] , and this may result in underestimation of the relationship. Fourth, the information on nighttime sleep duration, as well as napping duration or times, is not sufficient. Long or short sleep duration are likely to increase the risk of mortality [34] , and most of the included studies did not consider these potential factors.
Afternoon napping is common in many countries and is considered a healthy activity. A short nap during the day can aid the return of normal cellular immune function [35] . However, the protective effect of afternoon nap is yet to be proven in different populations. Daytime napping may reflect a low quality of nighttime sleep and might be a marker of undiagnosed health problems. Given the close link between OSA and mortality [36] , daytime napping might be used as a surrogate measure of OSA. Therefore, objective measures of sleep are needed to determine whether sleep apnea contributes to these relationships. Further detection of the possibility of OSA is warranted in these populations.
Conclusions
Self-reported daytime napping is a mild but statistically significant risk predictor for all-cause mortality but not for cardiovascular mortality. However, whether the risk is attributable to excessive daytime sleepiness or daytime napping alone remains unclear. More well-designed prospective studies based on younger populations are required to determine whether daytime napping is an independent predictor for mortality.
